Abstract. The solar wind dynamic pressure measured near the ecliptic varies over the solar cycle. A major unanswered question has been whether this variation is a global feature or restricted to low latitudes and thus perhaps a consequence of the changing heliospheric current sheet conguration. We use plasma data from IMP-8, Ulysses and Voyager 2 to show that the large-scale variation of the solar wind dynamic pressure is the same at all latitudes. Thus the solar wind source varies globally over the solar cycle, with important implications for the source mechanism and motions of the heliospheric boundaries. 
Introduction
The solar wind ows outward from the Sun, forming a bubble in interstellar space known as the heliosphere. The dynamic and thermal pressure of the solar wind , along with the external pressure of the interstellar medium and magnetic eld, determine the size of the heliosphere. The source mechanisms for generating the solar wind are not well understood, but the solar wind is usually divided into two speed regimes; fast, 650-750 km/s wind apparently originates in coronal holes, but the source of the slow, 300-400 km/s wind is still controversial [see Schwenn, 1990] . The solar wind ows outward at supersonic speeds until the termination shock is crossed, then slowly turns and ows down the heliotail. The fast wind generally originates at high solar magnetic latitudes or in extensions of polar coronal holes, while the slow wind originates from near the heliospheric current sheet (HCS), roughly at the magnetic equator [Phillips et al., 1995] .
The dynamic pressure of the solar wind observed near the ecliptic varies over a solar cycle by almost a factor of two [Lazarus and McNutt, 1990] . The smallest pressure is near solar maximum and the peak pressure occurs 1-2 years later. The peak in pressure is then followed by a gentle decline over the remaining years of the 11-year solar cycle . This pattern is not obvious in the Pioneer 10 and 11 data [Gazis et al., 1995] because sensitivity changes in the Pioneer instruments over time cause the normalized densities (N R 2 , where R is the distance from the Sun in AU) to increase with time and mask the solar cycle variation. The other spacecraft with a long solar wind data set, Pioneer Venus Orbiter, observes a similar solar cycle variation to that observed at Earth by IMP 8 and by Voyager 2 [Richardson et al., 1996] .
This pressure variation has an important eect on the distance to the termination shock and heliopause. A factor of two increase in solar wind pressure would cause a 40% increase in the equilibrium distance to these boundaries. Although the discussion above refers only to the dynamic pressure of the solar wind, the thermal pressure of the pickup ions also contributes to the stando distances. Based on Voyager cosmic ray observations, Stone et al. [1996] deduce that the termination shock is near 85 AU and has a Mach number of about 2.4, which implies that the thermal pressure is almost 15% of the total solar wind pressure at the shock. Observations of the solar wind speed [Richardson et al., 1996] and of pressure balance structures [Burlaga et al., 1994; suggest that at 35-40 AU pickup ion densities are only 3-6% of the thermal plasma data and thus negligible contributors to the total pressure at these distances. The eect of pickup ions on the Voyager measurements should bea3-7% decrease in speed corresponding to a 6-14% decrease in the observed dynamic pressure (only thermal protons are routinely observed by Voyager 2 in the outer heliosphere).
Since the termination shock distance is roughly 80 AU and the heliopause distance is of the order of 120 AU (1 AU is the Earth-Sun distance, or 1.49 x 10 8 km) [Belcher et al., 1993; Stone et al., 1996; Gurnett and Kurth, 1996] , a 40% change in its location would bevery signicant. Various studies have shown that the termination shock and heliopause do not have time to reach equilibrium [Karmesin et al., 1995; Wang and Belcher, 1998 ], so the actual size variation of the heliosphere is not this large. Wang and Belcher [1998] nd that the eect of including interstellar neutrals in their model is to damp the oscillation distance of the termination shock b y about 20%; including these neutrals and the pickup ions formed from them they nd a heliopause motion of 6 AU and a termination shock motion of 13 AU over a solar cycle. Since Voyager 1 is now beyond 70 AU, it might cross the termination shock in the near future, and changes in the location of this boundary will aect when this event occurs. For the Voyager speed of roughly 3 AU/yr, a 13 AU variation in the termination shock location would make a 4-year dierence in the shock-crossing time.
The problem with the observations of pressure changes is that they have, until recently, all been observed from spacecraft near the ecliptic. Thus it has not been possible to determine whether these pressure changes occur at all latitudes, only in a narrow band near the ecliptic, or if the pressure changes are due to the changing conguration of the fast and slow solar wind streams over the solar cycle and thus higher pressure near the ecliptic was oset by l o w er pressure elsewhere. Ulysses observed [Phillips et al., 1995] that the solar wind dynamic pressure was larger at the poles than at the equator, lending credence to this possibility. For large changes in the heliospheric size to occur, the pressure change would have to be global in nature.
Observations
We are now fortunate to have plasma data from two spacecraft far enough from the ecliptic that they observe dierent plasma regimes from those observed at Earth. Ulysses has gone to very high latitudes during its two solar polar passes and has now been operating long enough (since 1990) to provide information on pressure changes on a solar cycle time scale. Voyager 2 has been returning plasma data since 1977, but has only recently reached high enough latitudes (it is at 18 degrees south latitude and is 55 AU from the Sun) that it is in a dierent solar wind regime than Earth. For comparison of these data with ecliptic observations, we use data from IMP 8 which is in orbit about Earth. Figure 1 shows the heliolatitude, plasma speed, density, number ux (dened as N Vwhere N is number density and V is the velocity), and dynamic pressure (0.5m p N V 2 , where m p is the proton mass) at each spacecraft. Note that the alpha particle contributions are not included on this gure; on average the alphas comprise about 4% of the solar wind numberdensity. The data are smoothed using a 51-day running average; this is roughly two solar rotations and thus reduces solar rotation signatures. Voyager and Ulysses data are time-shifted back to 1 AU using a 51-day running average of the solar wind radial velocity. The density, ux, and pressure are normalized to 1 AU by multiplying by R 2 , assuming a spherical expansion of the solar wind. We show ten years of data so that the solar cycle pressure variation is obvious, with a minimum in pressure near solar maximum in 1990 and a maximum in pressure about a year later.
The solar wind speed and density plots show that the spacecraft are often in very dierent plasma regimes. The plasma density can beadicult quantity to measure on an absolute scale but relative changes in density are accurate; IMP 8 densities are generally higher than those reported by Voyager or Ulysses. We do not calibrate the densities since we are mainly interested in the density (and pressure) variation, not the magnitude. Speeds and densities observed at IMP 8 and Voyager track fairly well (especially the speed) until about 1995, when Voyager started to detect systematically higher speeds and lower densities indicating it was entering a region with more high-latitude wind. Ulysses started moving into the high-latitude solar wind at the end of 1992, and subsequently observed high-speed, low density polar ow except for during the rapid equatorial crossing in 1995 [Phillips et al., 1995; Goldstein et al., 1996] and in more recent data as it again approaches the helioequator. This plot shows very clearly that the three spacecraft are observing very dierent solar wind conditions at dierent heliolatitudes.
The ux is shown in the fourth panel. The variations in ux are not as dramatic as for dynamic pressure, but a solar cycle variation is apparent with the same phase as for the pressure.
The bottom panel shows the plasma dynamic pressure. Unfortunately, the rise in solar wind pressure occurred when all three spacecraft were at low latitudes. However, the subsequent decrease in pressure by nearly a factor of two from 1991 through 1998 was observed at all three spacecraft, independent of their latitude, and in regions of very dierent solar wind. The pressures track each other so well that the traces in Figure 1 are dicult to distinguish, so we replot the dynamic pressure in Figure 2 with pressure osets so the individual spacecraft traces are clear. A decrease in pressure with very similar slope is seen at all three spacecraft. Relevant high-latitude solar wind data is only available for about 6 years, but we see no reason the global nature of the pressure variation would change during a solar cycle. Thus we conclude that the change in plasma pressure over the solar cycle is a global phenomena, occurring at all latitudes.
Discussion and Summary
We nd that the solar wind dynamic pressure varies with solar cycle in roughly the same manner at all heliolatitudes. The implications of a global pressure change, instead of a pressure change only in the narrow latitude belt near the ecliptic, are very important. The heliospheric boundaries will oscillate due to a full factor of two change in pressure over the solar cycle, with important implications for the timing of Voyager 1 and 2's encounters with these boundaries. This result also has important implications for models of the Sun as well. The processes driving both the fast and slow solar wind respond in the same way to solar cycle changes, suggesting some relation between the ejection mechanisms. Future models need to explain this similarity. 
